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Abstract

In this study, we focused on determining the genetic variability of Turkish gray wolves and also to reveal phylogenetic relationships of
the Eurasian wolf populations using mitochondrial DNA sequences. Partial mitochondrial DNA sequences (440 bp) were obtained from
12 Turkish gray wolves, including D-loop region (332 bp). We found seven D-loop haplotypes (332 bp) among the 12 Turkish gray
wolves. The D-loop sequences of the Turkish gray wolf were compared to sequences registered in GenBank from Eurasia under the name
Canis lupus. Five Turkish haplotypes were shared with conspecific sequences from other regions of Eurasia in the species’ range. Two
haplotypes were unique for the Turkish wolves. The existence of shared haplotypes suggests that the gray wolves in Turkey and other
regions might be originated from the same gene pool. The present study reports significant data for determining the genetic variability
and revealing the phylogenetic relationships of Turkish gray wolves; it is suggested that the genetic variability of Turkish gray wolves
is relatively high.
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Introduction

The gray wolf (Canis lupus L., 1758) is a member of the
family Canidae and one of the most important terres-

In order to manage and to conserve wild species, na-
ture conservationists and researchers make an effort to

trial predators in Northern Hemisphere (SILLERO-ZUBIRI
et al. 2004). It is widely distributed across much of the
Holoarctic region (WiLsoN & REEDER 1993, 2005, MEcH
& Boitant 2010). Gray wolves also occur in Turkey and
its surrounding areas (SALVATORI & LINNELL 2005, WILSON
& REEDER 1993, 2005, KrYSTUFEK & VOHRALIK 2009).
The gray wolf has been considered the first mam-
mal species domesticated by humankind (CrLuTTON-
Brock 1995), with multiple origins (PANG et al. 2009,
voN HoLprt et al. 2010). It is also known to be the most
important wildlife species (SILLERO-ZUBIRI et al. 2004).

draw a comprehensive picture of the genetic variability
of populations in different regions. There are numer-
ous studies on extant gray wolves on populations and
on phylogenetic relationships throughout the species’
range based on mitochondrial DNA (WAYNE et al. 1992,
ELLEGREN et al. 1996, VILA et al. 1999, RanDI et al. 2000,
FLAGSTAD et al. 2003, JEDRZEIEWSKI et al. 2005, PiLOT et
al. 2006, 2010, 2014, PANG et al. 2009, FAIN et al. 2010,
GoMERCIC et al. 2010, RUTLEDGE ef al. 2010, WECKWORTH
et al. 2010, 2011, Asapi-AGHBOLAGHI et al. 2014, Bray
et al. 2014, DiaN et al. 2014, FaBrI et al. 2014, JANSSON
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Fig. 1. Localities of the Turkish gray wolf samples (see Table 1 for numbers).

et al. 2014, MATSUMURA et al. 2014, IsHIGURO et al. 2016,
etc.).

The present study is focused on the Turkish gray
wolf (Canis lupus). This large-sized carnivore is widely
distributed throughout Turkey, where forms a zooge-
ographical bridge between Africa, Asia, Europe and the
Arabian Plate (Jounson 2002, KrYSTUFEK & VOHRALIK
2001, 2009). The gray wolf is one of well-known large
carnivores like red fox (Vulpes vulpes), golden jackal
(Canis aureus) and brown bear (Ursus arctos) in Turkey
(Jounson 2002, Can 2004, CaN & Tocan 2004, ALBAYRAK
2011, ASAN-BAYDEMIR ef al. 2011, ILEmIN 2014, AKSOYEK
et al. 2016, AMBARLI et al. 2016).

The Turkish wolves inhabit all biomes, which include
prey. The population size of the Turkish gray wolf has
been estimated at around 5000—7000 individuals (CaN
2004, Sarvatort & LINNELL 2005). Due to the decrease of
prey animals such as sheep, gazelle, red deer, roe deer,
wild boar and brown hare, habitat fragmentation and il-
legal hunting etc., the Turkish gray wolves have shown a
decline in the last century; they occur in small subpopu-
lations (CaN & Tocan 2004, SaLvatorl & LiNNELL 2005,
SEKERCIOGLU et al. 2011). Therefore, measures for con-
servation management have been taken by the Ministry
of Forestry and Water Affairs in Turkey (see www.
ormansu.gov.tr).

Mitochondrial DNA, indicative of maternal inher-
itance, is one of the important tools, which have been
used in genetic analyses of Turkish carnivores (IBis &
Tez 2014, IBis et al. 2014, 2015a,b, AKSOYEK ef al. 2016,
DewmirBAS ef al. 2016). While mitochondrial DNA of the
gray wolf was analyzed for various populations through-
out species’ range (ELLEGREN et al. 1996, VILA et al. 1999,
RanDpI et al. 2000; FLAGSTAD et al. 2003; JEDRZEJEWSKI et
al. 2005, PiLort et al. 2006, 2010, 2014, PANG et al. 2009,
FAaN et al. 2010, GoMERCIC et al. 2010, RUTLEDGE et al.
2010, WEckwoORTH et al. 2010, 2011, ASADI-AGHBOLAGHI
et al. 2014, Bray et al. 2014, DiaN et al. 2014, FaBrI et
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al. 2014, JaNssoN et al. 2014, MATSUMURA et al. 2014,
IsHIGURO et al. 2016, etc.), no wide-ranging and detailed
mitochondrial DNA analysis of Turkish gray wolves has
been performed up to now. Only a few samples of gray
wolves from Turkey have been used in genetic analyses
(VILA et al. 1997, 1999, RanbI et al. 2000, PiLoT et al.
2006, 2010, 2014).

By presenting preliminary results of an analysis of
partial mitochondrial sequences, we aim to contribute to
the knowledge of the genetic variability of Turkish gray
wolves and the relationships with other conspecific popu-
lations throughout Eurasia.

Materials and Methods

Sampling

The tissue samples (ear, skin, tail, etc.) were collected
from the 12 road-killed gray wolves in the Asian part of
Turkey (Table 1, Fig. 1).

DNA extraction and PCR conditions

Tissue samples stored in 99% ethyl alcohol were used to
obtain genomic DNA, which were extracted by using a
commercial extraction kit (The DNeasy Blood and Tissue
Kit, Qiagen) according to the manufacturer’s instructions.
A short fragment of mitochondrial DNA including the
D-loop (control region) was amplified by using DLH
(Forward: 5’-CCTGAAGTAAGAACCAGATG-3’) and
LF15926F (Reverse: 5’-ATATAAAATACTTTGGTCTT
GTAAACC-3") primers (KIRSCHNING ef al. 2007).

A total of 50 pl reaction mixture were used for PCR
(Polymerase Chain Reactions) amplifications; 10 x Taq
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buffer with (NH,),SO,: 5 pl, 10 mM dNTP mix: 1 pl, Su/ul
Taq DNA polymerase (Thermo Scientific): 0.3 pl, 25 mM
MgCl,: 3 pl, 10mg/ml BSA: 3 pl, 10uM each primer:
5 ul, genomic DNA extract: 1 pl, dH,O: 26.7 pl). The
PCR program comprised of a pre-denaturation procedure
consisting of 5 min. at 95°C by 1 cycle, a denaturation
step of 40 sec. at 95°C, an annealing step of 1 min. at
54°C, an extension step of 90 sec. at 72°C by 30 cycles
and an ending step of 10 min. at 72°C by 1 cycle. The
quality of genomic DNA and PCR products was verified
by running in 1% agarose gel and by staining with eth-
idium bromide.

Sequencing, Aligning and Analyzing

The Macherey-Nagel Nucleospin Gel and PCR Clean-
up kit were used to purify the PCR products, and se-
quencing of which was performed in forward and re-
verse directions with PCR primers; DLH and LF15926F
(KIRsCHNING et al. 2007), by using a sequencer (ABI 3100
Genetic Analyzer).

We used Geneious v.R6.1.6 (http://www.geneious.
com), in which MAFFT v7.017 was used for the multiple
sequence alignment with default parameters (KAtoH et al.
2002), to align the mitochondrial DNA sequences, and
DnaSP v.5.10.01 (LiBraDO & Rozas 2009) to determine
mitochondrial haplotypes and to estimate haplotype and
nucleotide diversities of gray wolf. MEGA 6.0 (TaAMURA
et al. 2013) was used to calculate genetic distances
among the Turkish haplotypes of gray wolf, based on the
K2P (Kimura 2-parameter) model of DNA substitution
(Kimura 1980).

Phylogenetic and network analyses were performed
with mitochondrial D-loop sequences of 317 bp from
Turkish gray wolves and GenBank (NCBI: The National
Center for Biotechnology Information), including D-
loop sequences registered under the name Canis lupus
from Eurasia (Table 1). The golden jackal (Canis aureus)
(AY289997: AGGARWAL et al. 2007) was used as out-
group in phylogenetic analysis.

The HKY (Hasegawa-Kishino-Yano) + I (Invariant)
+ G (Gamma) was the most suitable model of nucleo-
tide substitution according to the corrected Akaike Infor-
mation Criterion (AICc) and the Bayesian Information
Criterion (BIC) using jModeltest2 (DARrIBA et al. 2012),
and this model was used in phylogenetic analysis to re-
construct Bayesian (Bayesian Inference) tree by means
of MrBayes v.3.2 (Ronquist ef al. 2012). In Bayesian
analysis (RonquisT et al. 2012), the MCMC (Markov
Chain Monte Carlo) technique was used to calculate
the Bayesian posterior probabilities for 2.6 million gen-
erations with tree sampled every 100 generations, and
to discard the first 25% of samples as burn-in (The
Average Standard Deviation of split Frequencies < 0.01:
0.009400). The remaining samples after discarding burn-
in, were retained and to estimate posterior probability
and 95% Bayesian credibility interval, and to create the
consensus tree (50% majority rule). FigTree v1.3.1 soft-
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ware (RamBauT 2009) was used to picture the Bayesian
phylogenetic tree.

A haplotype network was drawn by using median-
joining method by means of the Network v.4.6.1.1 soft-
ware (BANDELT et al. 1999, http://www.fluxus-engineer
ing.com).

Results

A fragment of the 440 bp of mtDNA (tRNA™ +tRNAF®
+D-loop) was amplified successfully for the 12 Turkish
gray wolves, including 332 bp for D-loop (control re-
gion). A comparison of the 440 bp fragments revealed
the presence of seven haplotypes (Tr.CL.D1-Tr.C1.D7)
with 12 segregating sites and 10 parsimony informative
sites. The haplotype Tr.CL.LD1 was the most common,
and it was found in four out of the 12 samples. Distri-
bution of Turkish haplotypes was given in Table 1 and
Figure 1. Seven haplotypes of the Turkish gray wolf
(Tr.CL.D1-Tr.C1.D7) are deposited in the GenBank da-
tabase (Accession numbers: KY039989-KY039995).
The haplotype (Hd) and nucleotide () diversities were
0.8788 and 0.01088, respectively. The Turkish wolves
were polymorphic. Mean sequence divergence of the
seven Turkish wolf haplotypes was 0.012, ranging from
0.002 to 0.021, based on K2P. When sequences includ-
ing D-loop region (332 bp) of the Turkish samples were
analyzed, seven D-loop haplotypes were found (Table 1).
The haplotype (Hd) and nucleotide (Pi) diversities for the
D-loop region of Turkish wolf were 0.8788 and 0.01392,
respectively.

Based on the 12 sequences in this study and 244 se-
quences in the different lengths available in the GenBank
database under the name Canis lupus from Eurasia
(Table 1), a total of 76 haplotypes (317 bp) were found.
The sequences under the other names of C. lupus, such as
C. lupus chanco and C. lupus pallipes, were not included
in the genetic analyses. Five Turkish haplotypes were
shared with sequences registered in GenBank; Tr.C1.D1:
AY570178 (Iran), AY570180 (Iran), AF008141 (Sau-
di Arabia), DQ480507 (Saudi Arabia), KC540920,
KC540921, KC540927 and KC540929 (Iran); Tr.Cl.
D2: KJ195896 and KJ490944 (Caucasia); Tr.CL.DS:
AF115690 (Greece), AY916813 (China), FJ978010
(Belarus, Bulgaria, Greece, Romania, Russia, Sweden,
Ukraine), AF008136 (Romania, Russia), KC540918
(Iran), AM711902 (Sweden), KC540926 and KC540922
(Iran); Tr.C1.D6: AF115696 (Israel), KJ490942 (Cau-
casia), KC540923 and KC540924 (Iran); Tr.C1.D7:
KJ195897 (Georgia) (Table 1, Figs. 2—3).

Phylogenetic relationships of the mitochondrial D-
loop haplotypes (317 bp) are shown in the Bayesian
tree (Fig. 2). Branch nodes of the Bayesian tree (Fig. 2)
were supported with relatively high posterior probabili-
ties (0.5—1). In the Bayesian tree (Fig. 2), Tr.C1.D1 and
Tr.CL.D2 were clustered together with haplotypes from

SENCKENBERG
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Fig. 2. Bayesian tree constructed from the mitochondrial D-loop haplotypes (317 bp) of gray wolves, rooted with Canis. aureus. The as-

teriks indicate the Turkish gray wolf haplotypes (see Table 1 for haplotype codes).

Turkey (Trakia), Iran and Oman, whereas Tr.C1.D3 and
Tr.C1.D4 were clustered together. Tr.C1.D5 was grouped
with haplotypes from Belarus, Bulgaria, Caucasus,
China, Croatia, France, Iran, Latvia, Lithuania, Poland,
Portugal, Russia, South Korea, Spain, Ukraine and Yugo-

SENCKENBERG

slavia. Furthermore, Tr.C1.D6 was clustered with haplo-
type from Israel, whereas Tr.C1.D7 was branched alone
in the Bayesian tree.

In the median joining haplotype network (Fig. 3), the
Turkish haplotypes of this study grouped together with
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Fig. 3. Median-joining network constructed from the mitochondrial D-loop haplotypes (317 bp) of gray wolves. The bold circles indicate

the Turkish gray wolf haplotypes (see Table 1 for haplotype codes).

conspecific haplotypes in the inner parts; this group-
ing was not entirely compatible with the Bayesian tree

(Fig. 2).

Discussion

The gray wolf, Canis lupus, is a widespread canid spe-
cies in Turkey (KRrRySTUFEK & VOHRALIK 2009, AMBARLI
et al. 2016). Although there are several genetic studies
including Turkish gray wolves, the genetic characteriza-
tion of the Turkish gray wolves is still scarce. To date, the
samples of Turkish gray wolf have only been included in
six studies that used mitochondrial DNA sequences (ViLA
et al. 1997, 1999, Ranbi et al. 2000, PiLot et al. 2010,
2014, AKSOYEK et al. 2016).

In the present study, genetic variability and phylo-
genetic relationships of Turkish gray wolves were re-
searched by using partial sequences of mitochondrial
DNA (tRNA™ + tRNAP® + D-loop: 440 bp). The analy-
sis revealed seven haplotypes, two of them (Tr.C1.D3 and
Tr.CL.LD4) were unique and new for the Anatolian part
of Turkey, when compared to the other geographical re-
gions Eurasia. One postulates that this may be an indica-
tion of a relatively high genetic diversity of the Turkish
gray wolf.

The mutation rate in the mitochondrial D-loop region
of wolves is relatively high (SavoLAINEN et al. 2000),
which might explain a high genetic variability, as had
been previously reported in other two Turkish canids,
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Canis aureus (IBis et al. 2015a) and Vulpes vulpes (1sis
et al. 2014). Similarly, a high genetic diversity in gray
wolves was also reported in some studies (JEDRZEJEWSKI
et al. 2005, PiLot et al. 2010, ASADI-AGHBOLAGHI et al.
2014, Bray et al. 2014, DiaN et al. 2014, PiLort et al.
2014), including packs in Biatowieza Primeval Forest on
the border between Poland and Belarus, and in the mod-
ern European, Iranian, Saudi Arabian Dinaric-Balkan
and Caucasus populations.

In the dataset including 317 bp fragments composed
of sequences of the present study and those available in
the GenBank from Eurasia under the name Canis lupus
(Table 1), we found two new haplotypes (Tr.C1.D3 and
Tr.CL.D4) in the 12 Turkish gray wolves (Table 1). The
five remaining haplotypes (Tr.C1.DI, Tr.C1.D2, Tr.Cl.
D5, Tr.C1.D6 and Tr.C1.D7) were shared with sequences
derived from the GenBank (Table 1). Four D-loop se-
quences of Turkish gray wolves analyzed in previous
studies (VIiLA ef al. 1997, 1999, RanDI ef al. 2000, PiLoT
et al. 2006, 2010, 2014) are of different lengths (257 bp,
542 bp, 658 bp and 659 bp). Of these sequences, three
sequences (AF115693: Ranbi et al. 2000, FJ978020 and
FJ978033: PiLot et al. 2010, 2014) were included in
the analyses of present study. On the other hand, the se-
quence AF005296 (257 bp) (ViLA et al. 1997, 1999, PiLoT
et al. 2006) was not used in the current analyses due to
the shortage of the mentioned sequence.

Our analyses indicate that the Turkish haplotypes in
this study were relatively distant from each other and
clustered into distinct sublineages in the Bayesian tree
(Fig. 2). In Figure 2, the previous Turkish sequence,
FJ978033 (PiLot et al. 2010, 2014), was grouped with the

SENCKENBERG
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haplotypes Tr.C1.D1 and Tr.C1.D2 of this study, whereas
the remaining previous Turkish sequences, AF115693
(Ranpr et al. 2000) and FJ978020 (PiLot et al. 2010,
2014), were clustered relatively distant from the haplo-
types of this study. The phylogenetic resolution in the
Bayesian tree (Fig. 2) was relatively low, which might
be due to the high mutation rate in mitochondrial D-loop
region of wolves. Similarly, a low phylogenetic resolu-
tion was also reported by LEBARBENCHON ef al. (2010) and
RODRIGUES ef al. (2016) for least weasels (Mustela niva-
lis), based on the D-loop (control region) sequences.

The Turkish wolf haplotypes were grouped together
with conspecific haplotypes in distinct subgroups in the
inner parts of the haplotype network (Fig. 3), which is
considered to show the intraspecific phylogenetic rela-
tionships better than phylogenetic trees (CRANDALL et
al. 2000). The Bayesian tree (Fig. 2.) and the haplotype
network (Fig. 3) were partly in agreement with each
other, and both of them (Figs. 2, 3) have shown that the
gray wolf haplotypes were divided into two main haplo-
groups. However, a clear geographical pattern was not
observed for the distribution of gray wolf haplotypes in
the Bayesian tree (Fig. 2) and the haplotype network (Fig.
3). In this context, the result of present study was com-
patible with that of PiLoT et al. (2006). The existence of
shared D-loop haplotypes found in this study suggested
ongoing and/or past gene flow within the gray wolves in
Turkey and other regions of Eurasia and that they origi-
nated from the same gene pool. Therefore, this study sup-
ported the view of PiLot et al. (2014) suggesting the on-
going and/or past gene flow between the Caucasian and
Eastern European wolf populations.

To confirm the high genetic diversity and to elucidate
the phylogeography of Turkish gray wolves, additional
analysis is needed to obtain more data from the Turkish
gray wolves in a multilocus study carried out by using two
molecular markers, mitochondrial and nuclear DNA.
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